The characteristic intestinal lesion resulting from enteropathogenic Escherichia coli (EPEC) and enterohemorrhagic E. coli (EHEC) infections in human beings and attaching and effacing E. coli (AEEC) infections in animals is the attaching and effacing histopathology. 17, 18 In addition to EPEC and EHEC, rabbit diarrheagenic E. coli, Hafnia alvei, and Citrobacter rodentium (formerly C. freundii) strain 4280 share the ability to cause the attaching and effacing lesion. 11, 17 For EPEC, a 3 stage model consisting of localized adherence, signal transduction, and intimate adherence has been proposed for formation of the attaching and effacing lesion. 3, 4, 12 The localized pattern of adherence (stage 1) is dependent on the presence of a 60-MD plasmid and is designated the EPEC adherence factor (EAF plasmid). 3, 4 Genes on the EAF plasmid encode for the expression of bundles of fimbriae (bundle-forming pilus), which mediate localized adherence. 19 Other genes responsible for formation of the lesion and genes encoding for the secreted proteins are encoded on a large 35.5-kb chromosomal region termed the locus of enterocyte effacement (LEE). 11, 17 In addition to the eaeA gene, which is required for intimate attachment (the third phase of EPEC pathogenesis), the espB and sep genes and other genes are located at the locus. 11, 17 The espB gene encodes for the EspB protein, 1 of 4 EPEC proteins that are secreted extracellularly. 11 The EspB protein induces signal transduction, the second phase of EPEC pathogenesis. 11 Enteropathogenic E. coli also possess a specialized system for protein secretion. The sep genes (secretion of EPEC proteins) encode for this specialized process. 11 The preponderance of research data on EPEC and EHEC demonstrate that possession of the eaeA sequence correlates with possession of the LEE. 19 Although EPEC and EHEC possess the LEE, Shiga toxin production encoded by the stx gene is a defining characteristic of EHEC. Here, we describe detection of eaeA ϩ E. coli, using polymerase chain reaction (PCR), from 6 animals of different species considered by their owners to be companion animals: a cria, a goat kid, a kitten, an iguana, a pot belly pig, and a puppy.
Using standard methods, strains of E. coli were isolated from fecal specimens obtained from 6 companion animals (Table 1) . PCR was used to amplify DNA from the strains of E. coli. A set of 2 synthetic oligonucleotide primers specific for E. coli eaeA and stx gene sequences were used. The eaeA primers amplified a 890-bp fragment of the chromosomal gene. 7 The stx primer pairs are 90% homologous to sequences in stx1 and stx2 genes. 14, 21 The stx primers generated a 230-bp fragment in positive PCR assays. Positive controls were DNA from enterohemorrhagic E. coli O157: H7 and a calf strain of attaching and effacing E. coli (serotype O5:NM). DNA from a strain of E. coli and Salmonella dublin that lacked the eaeA and stx sequences were negative controls. After amplification, the products were run on a 1.5% agarose gel. The gel was stained with ethidium bromide, and amplified products were visualized by ultraviolet transillumination. Serotyping was performed on 4 of the 6 strains using standard methods at the Escherichia coli Reference Center, Pennsylvania State University. 8, 25 The 6 animals examined were presented to the Veterinary Medical Center at Michigan State University for medical care. At the time of fecal collection, 5 of the 6 animals had diarrhea ( Table 1 ). The iguana did not have diarrhea and appeared healthy. The cria, kid, and kitten recovered and were released to their owners.
Routine postmortem examinations were performed on the pot belly pig and puppy by attending veterinary pathologists in the necropsy facility of the Animal Health Diagnostic Laboratory. Tissues were collected from each animal for virologic, bacteriologic, and histopathologic examinations. Tissue segments from the duodenum, jejunum, ileum, cecum, spiral colon, transverse colon, descending colon, and rectum were immediately fixed in neutral buffered 10% for- malin. After 24 hours in the fixative, tissues were trimmed, routinely processed, and embedded in paraffin. Thin sections were cut, mounted on slides, and stained with hematoxylin and eosin (HE). Slides were examined by light microscopy.
Fluorescent antibody testing was performed on various tissues collected from the pot belly pig and puppy for porcine parvovirus and transmissible gaestroenteritis (TGE) virus and for canine parvovirus, canine coronavirus, and canine distemper virus, respectively. Fecal specimens were examined for Cryptosporidium parvum and coccidia oocysts by direct microscopic examination and for rotavirus a and Giardia b by commercial assays.
The pot belly pig was approximately 18 days old and was one of 3 piglets that were growing poorly. The owners did not report that the pig had diarrhea, but there was fecal staining of the tail head and buttocks. Upon gross examination, the carcass was dehydrated. No significant gross lesions were observed in the intestines. Tissues and feces from the pig were negative for parvovirus, TGE virus, rotavirus, C. parvum, and Giardia. Escherichia coli was cultured from the small and large intestines.
The puppy was a 9-week-old male miniature poodle weighing 0.5 kg. It was 1 of 3 littermates that had died. The puppy was reported to be a ''poor doer'' and had intermittent diarrhea for the previous 2 weeks. Canine distemper virus, parvovirus, and coronavirus were not detected by fluorescent antibody testing of various tissues. Cryptosporidium parvum oocysts were present on qualitative fecal analysis. Escherichia coli was isolated from the small intestine, large intestine, and mesenteric lymph node, and E. coli and Mycoplasma canis were isolated from the lungs.
Attaching and effacing lesions were observed in sections of the small and large intestines collected from both the pot belly pig and the puppy (Fig. 1) . Histologically, there was patchy bacterial colonization of the small and large intestinal epithelium. In areas of colonization, the surface of the epithelium was pitted, with rounding and extrusion of degenerate enterocytes. Mucosal glands were mildly dilated and contained a small amount of cellular debris and degenerate leukocytes.
A 890-bp fragment of the eaeA gene was amplified from DNA of E. coli cultured from feces of all 6 animals ( Table  1) . The E. coli isolated from the goat kid possessed both eaeA and stx genes. Serotyping was performed on 4 of the 6 strains, and the 4 strains were negative for the somatic O antigen. A different H (flagella) antigen was detected on each of the 4 strains.
Isolation of 5 eaeA ϩ and 1 eaeA/stx ϩ E. coli from the 6 companion animals suggests the likelihood that companion animals are sources of E. coli that have virulence attributes similar to EPEC and EHEC. The attaching and effacing lesion was observed in intestinal sections taken from the pot belly pig and puppy, and the strains possessed the eaeA gene; Thus, the 2 strains appear to represent enteropathogenic AEEC. 16 Sufficient evidence has been published confirming the zoonotic potential of some strains of E. coli possessing eaeA and stx gene sequences. 15, 19 In humans, EHEC serotype O157:H7 is the prototypic strain of E. coli possessing eaeA and stx virulence genes. 15 However, recent publications have emphasized the importance of non-O157:H7 eaeA/stx ϩ E. coli in diarrheal diseases among humans. 2, 9, 13, 22 Because eaeA ϩ and eaeA/stx ϩ E. coli and the AEEC phenotype are attributes common to EPEC and EHEC infections, demonstration of these bacteria and the lesion in companion animals may be beneficial for avoiding human health problems. This is the first report of attaching and effacing E. coli in cria, pot belly pig, and iguana, adding these animals to the list of other animals that have been shown to be infected with AEEC or having the attaching and effacing lesion. The lesion or AEEC have been demonstrated in goat kids, 1,6 domestic pigs, 1,10 dogs, 1, 5, 10, 20, 23, 24 and cats. 1, 10 Acknowledgements. We thank Dr. Richard Wilson (Escherichia coli Reference Center, Pennsylvania State University) for determination of E. coli serotypes and Mr. Ralph Common (Department of Pathology) for his assistance in photomicroscopy.
Sources and manufacturers
a. Kallestad Pathfinder, Sanofi Diagnostics, Chaska, MN. b. Meriflour Cryptosporidium-Giardia, Meridian Diagnostics, Cincinnati, OH.
